Objective. To evaluate the safety and efficacy of our institutional beta-blocker protocol for treatment of complicated infantile hemangiomas (IH). Study Design. A retrospective descriptive study of 76 infants/children with IH treated with oral propranolol at the Children's Hospital of Philadelphia between June 2008 and August 2010 was performed, assessing both the safety and efficacy of propranolol. Based on preliminary data showing hemangioma recrudescence off-treatment, we reviewed 9 additional patients with recrudescence between August 2010 and December 2011. Results. Mild adverse events included asymptomatic bradycardia, gastrointestinal symptoms, asymptomatic hypotension, cool hands/feet, asymptomatic hypoglycemia, and sleep disturbance. Sixteen patients had recrudescence of IH off-treatment, with propranolol discontinued at a median age of 14 months (interquartile range 10-15 months).
Introduction
Infantile hemangiomas (IH) are the most common benign tumors of infancy, with an incidence of 4% to 5% in the general newborn population. 1 Typically present shortly after birth, IH proliferate during the child's first year of life, with most growth occurring in the first 4 to 6 months. Spontaneous regression follows, with most IH ceasing to involute after 3 to 4 years. 2 Residual changes such as telangiectasias, skin discoloration, and atrophic wrinkling may occur in 69% of cases. 3 In the interim, IH may be complicated by bleeding, ulceration, airway obstruction, or visual compromise, thereby necessitating medical treatment in approximately 10% to 20% of cases.
Many therapeutic modalities have been implemented in the treatment of complicated IH, including systemic corticosteroids, 4 pulsed-dye laser, 5 topical imiquimod, 6 surgery, and occasionally vincristine, 7 interferon-α, 8 cyclophosphamide, 9 sirolimus (rapamycin), 10 and most recently, propranolol. 11 Although propranolol has been safely used for many years in infants and children for nonhemangioma indications, its now-widespread use for the treatment of hemangiomas prompts the ongoing need to evaluate and establish safe and effective protocols for its use. Consequently, we investigated infants and children with IH who were treated with propranolol at our institution, the Children's Hospital of Philadelphia, with the intention of describing our patient population and the safety and efficacy of our inpatient beta-blocker protocol, during a period when we were transitioning from exclusive use of systemic corticosteroids to oral beta-blocker therapy.
Methods

Study Design
We performed a retrospective descriptive study of 76 infants and children with complicated IH treated with propranolol at the Children's Hospital of Philadelphia between June 2008 and August 2010, examining the safety and efficacy of propranolol therapy as administered via our institutional protocol. All subjects were evaluated for safety issues. Those who completed at least 1 month of therapy were assessed for treatment outcome. Of note, this 1-month duration was determined a priori based on anecdotal evidence that significant treatment response may not be observed within the first few weeks of treatment. Based on preliminary data showing hemangioma recrudescence in several patients who completed propranolol therapy, we performed a chart review of 9 additional patients with recrudescence of their hemangiomas following discontinuation of propranolol between August 2010 and December 2011 in order to assess possible contributing factors. Institutional review board approval was obtained. The study was reported based on guidance from the STROBE Statement.
The Children's Hospital of Philadelphia's institutional inpatient beta-blocker protocol was conceived by a joint clinical group, consisting of Pediatric Dermatology, Cardiology, Pharmacy, General Pediatrics, and Neonatology, with additional input from Ophthalmology, Otolaryngology, and Plastic Surgery.
Patients younger than 2 months were admitted to the neonatal intensive care unit for initiation of propranolol, whereas patients older than 2 months were admitted to the general pediatrics inpatient service. All patients received a 12-lead electrocardiogram prior to initiating propranolol. If PHACE syndrome (posterior fossa abnormalities, hemangioma of cervical facial region, arterial cerebrovascular anomalies, cardiac defects, eye anomalies), airway involvement, or orbital involvement were suspected, additional imaging and specialty consultation were requested. Oral propranolol was started at 0.5 mg/kg/d divided every 8 hours. If tolerated after 3 doses, the dose was escalated to 1 mg/kg/d divided every 8 hours for 3 doses and then to 2 mg/kg/d divided every 8 hours. Blood pressure and heart rate were serially measured by auscultation or cardiorespiratory monitoring every 2 hours, irrespective of when propranolol was administered. Serum glucose was measured 1 hour postdose for 2 doses with each dose escalation. Once discharged from the hospital, patients were followed every 4 to 8 weeks in the dermatology clinic for monitoring of treatment safety and efficacy.
In cases of treatment initiated in the outpatient setting for 2 older children during this study period, propranolol was started at 0.5 mg/kg/d divided every 8 hours, and blood pressure and heart rate were measured 1 and 2 hours after the first administered dose in the dermatology clinic. The dose was then slowly up-titrated in increments of 0.25 to 0.5 mg/kg/d over several weeks toward a goal of 1.5 to 2.0 mg/kg/d, with frequent follow-up by dermatology and the patient's primary care physician for monitoring of vital signs and adverse effects. When goal propranolol dose was achieved, follow-up visits were spaced every 1 to 2 months.
Variables Measured
Data collected from patient medical records included patient demographics (age at onset of IH, gender, race, gestational age, birth weight), IH characteristics (primary IH [one that prompts the consideration and use of propranolol for treatment] anatomic site, size, configuration, depth, ulceration), prior treatments, and propranolol regimens (age at start and end of treatment, peak dose, concomitant treatments).
Our primary outcome was the safety evaluation of medication-related side effects. Hypotension was defined according to the Pediatric Advanced Life Support Guidelines (systolic blood pressure <60 mm Hg for age 0-1 month, <70 mm Hg for 1 month to 1 year, <70 + [2 × age in years] mm Hg for 1-10 years). 12 Bradycardia was defined as a heart rate less than the second percentile for age (heart rate <90 for 0-1 month, <105 for 1-6 months, <110 for 6-12 months, <90 for 1-3 years, <70 for 3-5 years, <65 for 5-8 years). 13 A blood glucose of less than 70 mg/dL was used to signify hypoglycemia. The incidence of symptomatic hypoglycemia, hypotension, or bradycardia (defined by signs of poor perfusion, respiratory distress, loss of consciousness, poor mentation, and/ or poor feeding) was recorded. Moreover, we documented physician responses to adverse effects.
Our secondary outcome was the prevalence of clearance or near clearance of IH based on review of available photo-documentation. Photos were evaluated by a single investigator (L.C.S.) using a 5-point global assessment scale (1 = no change, 2 = minimal improvement, 3 = moderate improvement, 4 = almost clear, 5 = clear). For patients with recrudescence of IH after completing propranolol therapy, we noted time to regrowth, duration of therapy, and age at discontinuation of propranolol.
Statistical Methods
As the study was intended to be purely descriptive, data on patient characteristics and safety and efficacy outcomes were summarized descriptively. Missing data were also described. Summary statistics were analyzed using Stata/IC10 (StataCorp, College Station, TX).
Results
Subject Characteristics
Seventy-six patients were included in our study ( Table 1) . The vast majority (97.4%, N = 74) began propranolol therapy as inpatients during this period. The most common indication for propranolol was anatomic distortion, followed by risk or presence of visual compromise and ulceration. The median age at the start of treatment was 3 months (interquartile range [IQR] = 2-6 months), and the median duration of treatment as of the last follow-up visit was 4 months (IQR = 2-7 months). The median peak propranolol dose administered was 2 mg/kg/d (IQR = 2-2 mg/kg/d). Patients often received concomitant treatments to facilitate IH involution, promote healing of ulcerations, or prevent or treat secondary infections. The most common medication given concurrently with propranolol was systemic corticosteroids (26.3%, N = 20). Timolol gel, a topical beta-blocker, was occasionally used as a bridge to discontinuation of propranolol (9.2%, N = 7).
Safety
Twenty-two patients (28.9%) had no documented adverse events while receiving propranolol. The remaining 54 subjects (71.1%; 95% confidence interval [CI] = 59.5% to 80.9%) each experienced at least one adverse event ( Figure 1 ), resulting in a total of 102 adverse events. However, no patients suffered from serious adverse events, defined as life-threatening, resulting in significant or permanent damage, or death (hospitalization was not included as this was part of treatment protocol).
Among the adverse events reported, there were no cases of symptomatic hypoglycemia, hypotension, or bradycardia. Eight of 29 cases (27.6%; 95% CI = 12.7% to 47.2%) with documented bradycardia prompted a change in propranolol dosing, although none were symptomatic. Nine of 22 patients (40.9%; 95% CI = 20.7% to 63.6%) with documented hypotension received a change in their treatment regimen although again, none were symptomatic. Among all subjects with documented side effects, 53.7% (N = 29) underwent no change in propranolol dose, 27.8% (15) had dose decreased, 11.1% (6) were unable to uptitrate to achieve goal dose or required slower up-titration (>24 hours) of dose during hospitalization, 3.7% (2) did not have dose adjusted to account for weight change, and 3.7% (2) had medication held temporarily. Side effects prompting a change in propranolol treatment regimen, in descending order, included documented hypotension (N = 9), bradycardia (8), as well as symptoms independent of hypotension, bradycardia, and hypoglycemia such as cool extremities (6), sleep disturbance (4), color change in hands/feet (3), diarrhea (2), abdominal cramps (2), restlessness (2), poor appetite (1), emesis (1), and decreased activity (1) . A sizable proportion (26.3%, N = 20) of our study population received concomitant corticosteroid therapy, with a mean overlap time of 3.2 months. Hypotension was documented more commonly among patients who received concomitant corticosteroids (40%, N = 8), compared to patients who did not (25%, N = 14). None were symptomatic. Hypoglycemia occurred more often among patients who received concomitant corticosteroids (30%, N = 6) than in those patients who did not (10.7%, N = 6). None were symptomatic.
Treatment Efficacy
Seventy patients (92.1%) received at least 1 month of propranolol therapy at the time of study completion, and (Figure 2) , with a median time to near clearance being 15 weeks (IQR = 5-24 weeks). The median duration of propranolol therapy as of the last follow-up clinic visit was 6 months (IQR = 4-8 months). The mean photo global assessment score achieved while on propranolol was 3.4 (standard deviation = 0.9).
Hemangioma Recrudescence
At the time the study was performed, 12 subjects in the original 76 patient cohort had completed propranolol therapy, of which 7 (58.3%; 95% CI = 27.7% to 84.8%) had documented recrudescence of IH off-treatment. An additional 9 patients with IH recurrence between August 2010 and December 2011 were examined. The median age at discontinuation of propranolol for those with IH recrudescence was 14 months (IQR = 10-15 months) and the median duration of propranolol therapy for these patients was 9 months (IQR = 6-11 months). The median time to first witnessed regrowth was 1 month (IQR = 10 days to 2 months). The vast majority (87.5%) of patients with regrowth had facial hemangiomas, particularly of the nose and lip.
Discussion
Since the fortuitous discovery of the profound effects of beta-blocker therapy on IH, propranolol has become a first-line treatment for complicated IH, particularly ulcerated and airway IH. Propranolol induces regression of IH with greater consistency and to a greater extent than other therapeutic modalities. Hypotheses regarding its mechanism of action include vasoconstriction, decrease in vascular endothelial growth factor and angiogenesis, apoptosis of capillary endothelial cells, and downregulation of the renin-angiotensin system. 14 The perception of a milder side effect profile for propranolol in comparison to alternative agents makes it an attractive treatment option. However, propranolol must still be used with caution. Potential risks may include hypotension, bradycardia, hypoglycemia, bronchospasm, and feeding difficulties. 15 None of the patients in our study experienced significant symptomatic adverse effects from propranolol use. At the same time, a large number of patients experienced at least 1 adverse effect as defined by our parameters, with the most common being bradycardia. However, this was most often transient sinus bradycardia while patients were asleep during hospitalization. Only 27.6% of these patients received a change in propranolol dosing, and changes were made solely in response to values out of expected ranges. Similarly, patients with documented low blood pressures did not have sustained hypotension, and 40.9% of cases prompted a change in dosing solely for values out of expected ranges. At least 4 patients were noted to have had their blood pressures measured with an inappropriately large-sized cuff, thereby underestimating their true blood pressures. Twelve patients had documented hypoglycemia, but none necessitated a change in treatment protocol as they were asymptomatic and blood glucose improved on feeding or an immediate recheck of the blood sugar was noted to be normal. Given that no patients with documented bradycardia, hypotension or hypoglycemia were symptomatic, and that fewer than half of the subjects with adverse effects required changes in propranolol dosing, the majority of patients tolerated initiation and rapid up-titration of medication, both in hospital and during follow-up visits. Propranolol appears to be a safe treatment for IH when used under appropriate supervision.
Since the completion of our study, a consensus conference has been held in order to standardize protocols for initiating propranolol for the treatment of IH. 16 Based on these consensus guidelines and other published reports, our group has transitioned to use of propranolol in the outpatient setting for most uncomplicated children with IH older than 3 months. However, the presence of measurable changes in vital sign parameters in a sizeable minority of patients has prompted us to continue with an inpatient approach to initiation of propranolol when rapid up-titration is required for complicated IH such as airway and periorbital IH, or in those with significant prematurity. Intensive monitoring and resultant treatment alterations in this scenario may help prevent clinically important or serious adverse events from occurring.
Based on photo assessments, at least half of the subjects achieved clearance or near clearance of IH. The high rate of IH clearance within the time frame of this study is a testament to the efficacy of propranolol for treatment of IH. We did, however, note that a substantial number of patients experienced recrudescence of IH. It is unclear what accounts for the propensity for recrudescence. IH regrowth tends to occur within 1 month of stopping propranolol. Of the 16 patients with rebound growth of IH, 37.5% had lip involvement, and 25% had nose involvement, the significance of which is unknown given our small sample size. Recrudescence can occur even after 11 months of therapy, and with discontinuing propranolol as late as 15 months of age, suggesting that the IH has not entirely completed its proliferative phase. Based on these observations, patients with facial IH, particularly of the nose and lip, may benefit from extending treatment to at least 15 months of age to reduce the risk of recrudescence. This important aspect of propranolol therapy warrants further detailed study.
As with all studies, there are limitations to our exploratory study. Given the retrospective nature of this study, many patients had not received a prolonged duration of propranolol therapy, and therefore we were unable to capture longer term safety and efficacy data. Arguably, it is during the initiation period that patients are most at risk for adverse events given the rapid up-titration of propranolol. However, even at steady dosages, precautions must still be taken to avoid adverse effects, such as temporarily discontinuing propranolol during intercurrent illnesses and decreased oral intake to prevent hypoglycemia. Moreover, this study design likely underestimated the number of patients who would ultimately achieve clearance or near clearance of their IH. Secondly, without a control population in this study, it is difficult to attribute every adverse effect and positive treatment outcome to propranolol use. Many patients were using other medications concurrently, which could confound our results. It might also be argued that the subset of patients who received both systemic corticosteroids and propranolol may have had any potential adverse effects from beta-blocker therapy masked by concomitant use of the corticosteroid. It was surprising to note, however, that the prevalence of hypoglycemia and hypotension in our study were greater in the group of patients who received concomitant steroid therapy. This is difficult to interpret given the small sample size. Thirdly, this study lacked a standardized schedule for photo-documentation, resulting in a substantial percentage of patients for whom we could not accurately assess treatment outcome. In particular, it was challenging to determine time to IH clearance. Finally, the thresholds we used to define bradycardia in our study were derived from electrocardiogram data on infants and children who were awake, and therefore may overlap with the often lower resting heart rates that occur during sleep. To our knowledge, no large studies have been performed to establish reference ranges for normal heart rates in children who are sound asleep. As such, we may be overestimating the number of patients with a tendency to bradycardia while taking propranolol.
Conclusion
This study provides descriptive information that indicates that initiation and rapid up-titration of propranolol in the inpatient setting is safe for the treatment of IH, as no study patients experienced significant symptomatic adverse effects at the peak doses established by our institutional protocol, and the majority required no alterations in treatment regimen. However, given that changes in vital signs were detected, we recommend that patients be hospitalized for initiation of propranolol when rapid up-titration is necessary. In less urgent cases where slower up-titration of propranolol is reasonable, outpatient initiation is a feasible, rational, and cost-efficient option. Propranolol also appears to be effective in the treatment of complicated IH, though recrudescence can occur off treatment. Extending treatment up to at least 15 months of age may help minimize IH regrowth. These observations will hopefully continue to add to the body of information available for those prescribing beta-blocker therapy for management of complicated IH.
